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CONJUGATED THIOPHENES HAVING CONDUCTING PROPERTIES AND 

SYNTHESIS OF SAME 

TECHNICAL FIELD 

The invention relates to a novel process for the synthesis of thiophene-based 
5 oligo- and polyazomethines and their subsequent doping for use in a variety of 
applications, including conducting materials and electronic devices. The invention 
further comprises the oligo- and polyazomethines that are produced by this 
process. 

BACKGROUND OF THE INVENTION 

10 Conjugated polymers have received much attention because of the many new 
possibilities these polymers can provide for modern devices. A few such 
applications of conjugated polymers involve organic light emitting diodes (OLEDs) 
and molecular wires to be used in flexible light displays and/or low power 
consumption products. 2,3 Because of the many interesting properties they 

15 possess - including unique optical, electrical, and mechanical properties 1 - these 
materials have been heavily investigated. 

Synthesis of these industrially relevant materials has evolved from elimination 
reactions to more elegant coupling strategies. As attractive as these polymers are 
for their physical properties, the main synthetic methods pursued are not 
20 straightforward 4 " 6 and require Suzuki, 7 Wittig, 8 or Mitsunobu 9 synthetic strategies, 
or electropolymerization. 10 Such methods subsequently entail challenging and 
tedious purifications to isolate the desired polymers and remove unwanted metal 
bi-products. In addition, traditional synthetic methods result in only low to 
moderate yields. 4,5 

25 There is a need, therefore, for novel oligo- and polyazomethines. There is also a 
need for a simpler, more efficient synthetic process to prepare these novel oligo- 
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and polyazomethines. The present invention seeks to meet these and related 
needs. 

SUMMARY OF THE INVENTION 

Even though conjugated aromatic polyazomethines have been known for many 
5 years, and their properties and methods of preparation have been reviewed, 11 the 
present invention is believed to represent the first synthesis of such 
polyazomethines involving thiophene units. The advantage of the present 
synthetic process involving a condensation strategy is the ease of purification with 
the reaction being amenable to a plethora of reagents. Moreover, it does not 

10 necessitate the use of anhydrous solvents and strict oxygen free reaction 
environments, unlike conventional conjugation methods. The main driving force of 
this simple oligomerization is the thermodynamically desirable conjugation 
formation leading to a new class of stable thiophene-containing materials 
exhibiting interesting photophysical and conducting properties. The methodology 

15 also allows for selectively controlled addition condensation leading to either 
symmetric or unsymmetric conjugated compounds. 

More specifically, the invention relates to the synthesis of conjugated aromatic 
oligo- and polyazomethines that are prepared by reacting one or more aromatic 
diamines with one or more aromatic dialdehydes either in solution or in a molten 
20 state, using the procedures described herein. Of these aromatic oligo- and 
polyazomethines, one is a thiophene core affording the polyazomethine 10 or 11 
illustrated in Scheme 4, below. 
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25 



Scheme 1 
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R R 

10 . 11 

Scheme 4 

In one embodiment of the present invention, the oligo- and polyazomethines are 
10 prepared by the reaction of a dialdehyde with an equimolar amount of a diamine, 
or of a diamine with an equimolar amount of one dialdehyde with one or both aryl 
components being a thiophene. The integer Y from Scheme 4 may be a 6- 
member homoaromatic ring, a 6-membered heteroaromatic ring comprising one to 
three nitrogen atoms, or a 5-membered heteroaromatic ring comprising a sulfur, 
15 nitrogen, tellurium, or selenium atom. The integers R-i, R 2 , R3, R4, and R 5 may be 
aliphatic, aromatic, heteroatomic, hydrophilic, or hydrophobic. These groups may 
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be aliphatic C r C 12 , aliphatic C r C 4 aliphatic chains, C 6 -Ci 4 aromatic systems, 
ester groups C0 2 Z with Z being aliphatic CrCi 2 . 

In one embodiment, the present invention relates to a conjugated conducting 
oligomer or polymer of the general structure of 8 of Scheme 3, above, obtained by 
5 the condensation of a bifunctional monomer, the monomer being both aryl 
monoamine and monoaldehyde (structure 7 in Scheme 3) wherein the integers Ri 
and R 2 may be aliphatic, aromatic, heteroatomic, hydrophilic, or hydrophobic. 

In another embodiment, the present invention relates to multifunctional aryl 
moieties comprising more than two aldehyde or amine moieties. The integers R 3 
10 may include electron donating or electron withdrawing groups, aliphatic C r Ci 2 , d- 
C 4 chains, C 6 -Ci 4 aromatic systems, ester groups C0 2 Z with Z being aliphatic C r 
Ci2, or cyano, nitro, diakylamines, aldehydes, esters, halogens, carboxylic acids, 
amines, carboxaldehydes, wherein R 3 may be identical or different. 

In yet another embodiment, the present invention relates to materials that can be 
15 spin coated into thin films of varying thickness from casting of solutions using 
solvents such as but not limited to THF, chloroform, dichloromethane, alcohols, 
DMF, etc. The conjugated materials can be made conducting by doping with p- 
type dopants such as iodine. The conjugated materials can be made conducting 
by doping with n-type dopants such as sodium naphthalide, SbF 5 , AsF 5 , PF 5 , AgX, 
20 N0 2 X, and NOX where X is an unreactive, non- to moderately nucleophilic anion. 
The molecular weight of the resulting polymers can be controlled by variation in 
the reaction concentrations. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGURE 1 : Normalized ground state absorption of Example 5 (open circles), 
25 Example 32 (closed squares), and Example 34 (open squares). Inset: Reciprocal 
of the number of units along the conjugated backbone versus the absorption 
maximum. 
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FIGURE 2 : Crystal structure of oligothiophene 3 of Scheme 6. 

FIGURE 3 : Thiophene spectroscopic and cyclic voltammetry a values measured in 
anhydrous acetonitrile. 

FIGURE 4 : Selected crystallographic data. 

5 FIGURES 5 and 6 :Kinetics of Poly-DAT reaction. 

FIGURE 7 : Absorbance spectra of polyimines 1 (•) and 2 (□) recorded in DMF. 

FIGURE 8 : Fluorescence of polyimines 1 (•) and 2 (□) measured in DMF excited 
at 290 nm for 1 and 300 nm for 2 nm. 

FIGURE 9 : Cyclic voltamograms of polyimines 1 (•) and 2 (□) measured in DMF 
1 0 with sweep rate of 500 m V/sec. 

FIGURE 10 : The effect of polymerization concentration on the polymer molecular 
weight. 

DETAILED DESCRIPTION OF THE INVENTION 

(i) General method of oligoazomethine synthesis 

15 Selective oligomerization leading to a dimer such as 2 can be carried out at 
temperatures ranging from 25°C to 120°C open to the atmosphere or under inert 
atmosphere such as nitrogen or argon with alcohol solvents, including but not 
limited to ethanol, methanol, isopropanol, butanol; benzene and/or toluene by 
azeotropic distillation; wet or anhydrous DMF; wet or anhydrous DMSO; wet or 

20 anhydrous THF; etc. The use of acid catalysts between 5 - 10 mol % is not strictly 
required but may be in the form of organic or mineral acids including but not limited 
to trifluoroacetic acid, acetic acid, hydrochloric acid, sulphuric acid, etc., to 
accelerate oligomerization. Dehydrating reagents, including but not limited to 
anhydrous magnesium sulfate, anhydrous sodium sulfate, activated molecular 

25 sieves, activated neutral or acidic aluminum oxide, anhydrous silica gel, etc., can 
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be used to shift the equilibrium in favour of the product. Generally, one 
stoichiometric equivalent of aldehyde is added to one stoichiometric equivalent of 
diamine and allowed to react between 0.5 to 36 hours until judged complete by 
TLC analyses. The solvent is subsequently removed under vacuum and the 
5 product obtained is used as is, or purified if required. Purification can be in the 
form of flash chromatography over silica gel or activated neutral aluminum oxide. 

Selective oligomerization leading to a trimer such as symmetric 5 (Scheme 2; R 3 a 
equal to R 3 b) can be carried out according to the procedure outlined for the 
preparation of 2 through the use of approximately two stoichiometric equivalents of 

10 aldehyde with one stoichiometric equivalent of diamine. Asymmetric trimer 
analogues of 3 (Scheme 2; R 3 a not equal to R 3 b) can be obtained by reaction 
conditions as outlined for the preparation of 2 using one stoichiometric equivalent 
of aldehyde added to one stoichiometric equivalent of diamine followed by the 
addition of about one equivalent of aldehyde added to the reaction mixture upon 

1 5 complete dimer formation. 

(ii) General method of polyazomethine synthesis 

For reactive monomers, typically 80 to 100 mg of the diamine monomer are 
charged into a 100 ml round bottom flask, then dissolved in approximately 60-75 
ml of the polymerization solvent to which is then added an exact stoichiometric 

20 amount of dialdehyde monomer. Suitable polymerization solvents are absolute 
ethanol, chloroform, methanol, anhydrous toluene, DMSO (methyl sulfoxide), DMF 
(N,N-dimethyl formamide), NMP (N-methyl pyrrolidinone), water, but may also 
include others. For the polymers examined, DMSO promotes the fastest 
polymerization rates. A catalyst is not required for some monomers, but in 

25 general, the apparent rates of reaction are greatly accelerated with its use. One 
can add 10% molar of, typically trifluoroacetic acid or acetic acid, but may. also 
include mineral and other organic acids. The polymerization reaction also 
proceeds in the absence of solvent. The reaction mixture is then heated between 
50° - 130° C for approximately 0.5 to 16 hours. In the case of low boiling point 
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solvents, the polymer is isolated by removing the solvent under reduced pressure 
and then dried under vacuum. For less volatile solvents, the polymers are 
subsequently used without isolation. For polymerization in water, the reaction is 
typically done at room temperature under moderately alkaline conditions. An 
5 emulsion catalyst such as benzyltriethyl ammonium chloride, may also be used for 
imine polymerization involving hydrophobic and hydrophilic monomers. 

PART I: PRECURSORS AND THIOPHENE COMPOUNDS (EXAMPLES 1-21) 

The following are non-limiting examples of conjugated aromatic oligo- and 
10 polyazomethines and precursors that may be used in the preparation of 
compositions of the present invention. The compounds of Examples 2, 6 and 14 
are shown in Reaction Scheme 1 of the Summary section, above. 

EXAMPLE 1 : Synthesis of cyano-acetic acid decyl ester 

o 

(C H ^0-^ CN 

-(5 U-'ion2i; < ~' 

Cyanoacetic acid (20.85g, 0.245 mol) was added to decanol (47ml_, 0.25mol) and 
methane sulfonic acid (0.5mL, 7.8mmol), followed by heating under reduced 
pressure while removing the water by-product through the use of a dean stark trap. 
The reaction was cooled upon completion, providing the title compound, in 

20 quantitative yield. 

1 H-NMR (400MHz, [D] chloroform): 5 = 4.17 (t, 2H, J= 6.7), 3.45 (s, 2H), 1.65 (m, 
2H), 1.24 (14H), 0.854 (t, 3H) 

13 C (400MHz, [D] chloroform): 5 = 163.48, 113.57, 67.42, 32.23, 29.86, 29.65, 
25 29.51 , 26.06, 25.09, 23.03, 1 4.45. 
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EXAMPLE 2 : Synthesis 2,5-diamino-thiophene-3 5 4-dicarboxylic acid diethyl 
ester (1) 

EtQ 2 C C0 2 Et 



H 2 N s NH 2 Simi | ar t0 other reports, 12 " 14 sulphur (4.53g, 0.141 mol) and 
triethylamine (7.09 mL, 0.0509 mol) were stirred at room temperature in DMF (15 
5 mL) in a 250 mL three necked flask whereupon the solution turned red in colour 
after 30 minutes. Ethylcyanoacetate (20.4 mL, 0.192 mol) diluted in DMF (5 mL) 
was subsequently added dropwise over 30 minutes resulting in the deepening of 
the colour. The opaque solution was allowed to stir under ambient condition for 
three days after which the solvent was pumped off under vacuum leaving a brown 
10 solid. The solid was loaded onto a silica gel column and eluted with a hexane 
gradient up to 35 % ethyl acetate. The procedure was repeated a second time to 
obtain the 2.15 g (22 % yield) of the title compound as gold flaky crystals. M.p. 
155-158 S C. 1 H-NMR (300MHz, [D] DMSO): 5 = 4.06 (q, 4H, J= 7.1), 1.17 (t, 6H, 
J=7.1). 13 C (300MHz, [D] chloroform): 5 = 165.6, 148.9, 104.5, 60.4, 14.8. EI-MS: 
15 m/z 258.1 ([M]+, 80%), 212 ([M-C 2 H 5 0]+, 100%). Anal. calc. For CioH 14 N 2 04S 
(258.30): C 46.50, H 5.46, N 10.85, O 24.78, S 12.41 found: C 45.89, H 5.10, N 
10.47, S 12.01 . A m ax (acetonitrile) = 304 nm, A fl (acetonitrile) = 566 nm. 

Due to the volatility of TEA, a small amount was added periodically. It was found 
20 that DMF must be removed without heating to avoid decomposition and side 
reactions becoming problematic. Sulphur was difficult to remove during the 
purification process due to its solubility. It was advantageous to dissolve the crude 
product in isopropanol and filter before loading onto the column. 
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EXAMPLE 3 : Synthesis of 3,4-diamino-thiophene-2 ? 5-dicarboxylic acid 
didecyl ester 

H 2 N-^/ S \^NH 2 



Sulphur (2.81 g, 0.0878 mol) and triethylamine (4.1 mL, 0.0.0293mol) were stirred in 
5 DMF (10ml_) in a three necked flask. Decylcyanoacetate (25g, 0.117mol) was 
added dropwise over 30 min (DMF; 5mL). The color darkened immediately and 
the solution was allowed to stir for just over a week. The solvent was then 
removed via vacuum leaving a dark brown solid. This crude product was loaded 
onto a column and eluted with a hexane gradient up to 35%EtOAc. A second 
1 0 column was needed to obtain pure product. Yield = 3.28g (brown oil). 

The compound appears to decompose quite easily making it hard to get a good 
1 H-NMR and C 13 spectrum. Better spectrums may be obtained in DMSO. The 
compound must be stored in the refrigerator. 

15 

FAB-MS: m/z 482.3 ([M] + , 100%) 

1 H-NMR (300MHz, [D] chloroform): 5 = 4.20 (t, 4H), 1.67 (m, 4H), 1.26 (28H), 0.87 
(t, 6H) 

20 EXAMPLE 4 : Synthesis of 5-diethylaminothiophene-2-carbaldehyde 

OHC^/ S N v _NEt 2 

In a round flask (100mL) was added 5-bromothiophene-2-carboxaldehyde(1,37mL) 
in 15mL of distilled water. Diethylamine (12mL) was added slowly, followed by 
refluxing for six days. Purification by flash chromatography provided the title 
25 compound as a brownish oil (1,1 3g, 54%). 1 H-NMR (300MHz, [D] acetone): 5 = 
9.46 (s, 1H), 7.56 (d, 1H, 3 J= 4.4Hz), 6.07 (d, 1H, 3 J= 4.4Hz), 3.485 (q, 4H, 3 J= 
7.1Hz), 1.23 (t, 6H, 3 J= 7.1Hz). 13 C-NMR (300MHz, [D] acetone): 5 = 179.2, 166.0, 
140.8, 125.9, 102.8, 47.6, 11.8. 
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EXAMPLE 5 : Synthesis of 5-formyl- 2,2'bithiophene 

In a round bottom flask, phosphorus oxychloride (1.83 g) was added at 0 Q C to 
15mL of DMF. After 30 minutes, 2,2'-bithiophene (500 mg) was further added and 
5 the solution stirred at room temperature for 30 minutes before heating to 50 9 C until 
completion. Diluted hydrochloric acid was added at 0 S C, the solution warmed to 
room temperature and the crude product extracted with ethyl acetate. Purification 
by flash chromatography (Si0 2 ) yielded the title product as a light brown powder 
(81 %). 1 H-NMR (300 MHz, [D] acetone): 5 = 9.89 (s, 1H), 7.70 (d, 1H, 3 J = 3.9 
10 Hz), 7.39 (d, 2H, 3 J= 4.3 Hz), 7.28 (d, 1H, 3 J = 3.9 Hz), 7.11 (t, 1H, 3 J = 4.4 Hz). 
13 C-NMR (50 MHz, [D] acetone): 5 = 183.0, 147.6, 142.1, 137.8, 136.5, 128.8, 
127.5, 126.6, 124.7. EI-MS: m/z ([M] + , 100 %). 

EXAMPLE 6 : Synthesis of 2-amino-5-[(thiophen-2-yImethylene)-amino]- 
1 5 thiophene-3,4-dicarboxylic acid diethyl ester (2) 

In a 250 ml_ flask comprising 50 ml absolute ethanol, was dissolved 2,5-diamino- 
thiophene-3,4-dicarboxy!ic acid diethyl ester (470 mg, 5.0 mmol) followed by 2- 
thiophene carboxaldehyde (646 mg, 2.5 mmol). After the addition of one drop of 

20 acetic acid, the solution was stirred at room temperature for 4 days. The solvent 
was then removed from the resulting orange solution and the residue was purified 
by flash chromatography (Si0 2 ) using 20 % ethyl acetate / hexane to afford the 
title compound as a yellow solid (454 mg, 52 %). M.p. = 145° - 147° C. 1 H-NMR 
(200 MHz, [D] chloroform): 5 =. 9.94 (s, 1 H), 8.06 (s, 1 H), 7.20 (t, 1 H), 7.18 (d, 1 

25 H), 7.12 (m, 1 H), 7.02 (m, 1 H), 4.41 (t, 2 H), 4.24 (q, 2 H), 1.48 (t, 3 H), 1.29 (t, 3 
H). 13 C-NMR (50 MHz, [D] chloroform): 6 = 164.5, 159.9, 145.9, 142.7, 134.0, 
131.2, 130.2, 127.9, 102.9, 61.6, 60.3, 14.5, 14.3. FAB-MS: m/z 351.8 ([M]+, 
100%). Anal. calc. for C15H16N2O4S2 (352.06): C 51.12, H 4.58, N 7.95, O 18.16, S 
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18.20 found: C 51.21, H 4.63, N 7.77, S 17.81. A max (DMSO) = 402 nm. e (DMSO) 
= 3.6 x 10 4 IVT 1 dm' 1 ; A max (acetonitrile) = 408 nm, Afi(acetonitrile) = 604 nm. 

The title compound can also be quantitatively obtained with the same amount of 
5 reagents by refluxing in ethanol for 4 hours. 

EXAMPLES 7-10 : In the following Examples, the R group is modified as 
indicated. 



EXAMPLE 7 : Synthesis of 2-amino-5-[(thiophen-2-ylmethylene)-amino]- 
thiophene-3,4-dicarboxylic acid diethyl ester (R=H) 

In a round bottom flask (50m L), 2,5-diamino-thiophene-3,4-dicarboxylic acid 
diethyl ester (50mg) was added to 20mL isopropanol to which was added 2- 

15 thiophenecarboxaldehyde (24mg) and a catalytic amount of trifluoroacetic acid 
(TFA). The mixture was refluxed for 20 hours. Complete removal of the solvent 
provides an orange solid which was purified by flash chromatography (Si0 2 ), 
yielding the title compound as an orange solid (81%). M.p.: 114°-116 0 C. 1 H-NMR 
(300MHz, [D] acetone): 5 = 8.24(s, 1H), 7.63(d, 1H, 3 J=5.0Hz), 7.52(dd, 1H, 

20 3 J=3.7Hz and 4 J=0.7Hz), 7.48(s, 2H), 7.14 (dd, 1 H, 3 J= 5.0Hz and 3.7Hz), 4.32 (q, 
2H, 3 J= 7.2Hz), 4.1 9(q, 2H, 3 J= 7.1Hz), 1.37 (t, 3H, 3 J= 7.1Hz), 1.26 (t, 3H, 3 J= 
7.1Hz). 13 C-NMR (300MHz, [D] acetone): 5 = 165.0, 164.3, 161.1, 161.0, 146.1, 
143.2, 132.8, 132.1, 130.5, 128.4, 101.8, 61.0, 60.0, 14.3, 14.1. 

25 EXAMPLE 8 : Synthesis of 2-amino-5-[(5-nitro-thiophen-2-yImethylene)- 
amino]-thiophene-3,4-dicarboxylic acid diethyl ester (R=N0 2 ) 

In a 50mL round bottom flask, 30 mg of 2,5-diamino»thiophene-3,4-dicarboxylic 
acid diethyl ester was dissolved in 20mL of isopropanol. To this solution, 5-nitro-2- 
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thiophenecarboxaldehyde (91 mg) was added with vigorous stirring, followed by the 
addition of a catalytic amount of TFA. The reaction was refluxed for 30 minutes. 
The title compound was isolated as a dark black-purple powder (87%) by flash 
chromatography (Si0 2 ). M.p.: 194°-196°C. 1 H-NMR (300MHz, [D] acetone): 5 = 
5 8.21 (s, 1H), 8.00(d, 1H, 3 J= 4.4Hz), 7.74(s, 2H), 7.50(d, 1H, 3 J= 4.4Hz), 4.37(q, 
2H, 3 J= 7.1Hz), 4.22(q, 2H, 3 J= 7.1Hz), 1.40 (t, 3H, 3 J= 7.1Hz), 1.27(t, 3H, 3 J= 
7.1Hz). 

EXAMPLE 9 : Synthesis of 2-amino-5-[(5-diethylamino-thiophen-2- 
1 0 ylmethylene)-amino]-thiophene-3,4-dicarboxyIic acid diethyl ester (R=NEt 2 ) 

In a 50mL round bottom flask, 67 mg of 2,5»diamino-thiophene-3,4-dicarboxylic 
acid diethyl ester was dissolved in 20mL of anhydrous toluene to which was 
subsequently added 1,4-diazabicyclo[2.2.2]octane(DABCO, 32mg), 286pL of 
titanium(IV) chloride, 1 .0M solution in toluene at 0 Q C and 5-diethylamino- 

15 thiophene-2-carbaldehyde (52mg). The mixture was refluxed for two hours and the 
solvent removed. Purification by flash chromatography (Si0 2 ) yielded the title 
product as a yellow-orange solid (67%). 1 H-NMR (300MHz, [D] acetone): 5 = 7.96 
(s, 1H), 7.23 (s, 2H), 7.21 (d, 1H, 3 J= 4.4Hz), 5.93 (d, 1H, 3 J= 4.2Hz), 4.27 (q, 2H, 
3 J= 7.2Hz), 4.17(q, 2H, 3 J= 7.1Hz), 3.43(q, 4H, 3 J= 7.1Hz), 1.35(t, 3H, 3 J= 7.1Hz), 

20 1.24(t, 3H, 3 J= 7.1Hz), 1.21(t, 3H, 3 J= 7.1Hz). 13 C-NMR (300MHz, [D] acetone): 5 
= 164.5, 162:3, 159.3, 146.9, 135.7, 125.5, 124.5, 102.2, 101.7, 60.7, 59.7, 47.3, 
14.2, 14.1, 12.0. 

EXAMPLE 10 : Synthesis of a-amino-S-K^^^bithiophenyl-S-ylmethylene)- 
25 amino]-thiophene-3,4<HcarboxyIic acid diethyl ester (R=2-thiophene) 

2,5-Diamino-thiophene-3,4-dicarboxylic acid diethyl ester (30mg, 0.25mmol) was 
mixed with 5-formyl-2,2'bithiophene (40mg, 0.25mmol) in isopropanol and refluxed 
for five hours following the catalytic addition of TFA. The solvent was removed and 
the product isolated as a yellow solid after purification by flash chromatography 
30 (42mg, 64%). 1 H-NMR (300MHz, [D] DMSO): 5 = 8.1 9(s, 1H), 7.89(s, 2H), 



WO 2005/073265 



PCT/CA2005/000131 



13 



10 



7.58(d,1H, 3 J= 5.2Hz), 7.50(d, 1H, 3 J= 3.9Hz) 7.41 (d, 1H, 3 J= 3.6Hz), 7.34(d, 1H, 
3 J= 3.9Hz), 7.1 1(t, 1H, 3 J= 3.6Hz), 4.25 (q, 2H, 3 J= 7.1Hz), 4.1 2(q, 2H, 3 J= 7.2Hz), 
1.31(t, 3H, 3 J= 7.2Hz), 1.1 9(t, 3H, 3 J= 7.0Hz). 13 C-NMR (300MHz, [D] acetone): 5 
= 165.5, 164.8, 161.7, 146.1, 142.3, 141.9, 137.7, 137.6, 133.5, 133.4, 131.1, 
129.2, 126.9, 125.8, 125.3, 61.5, 60.5, 14.8, 14.6. EI-MS: m/z 434.9 ([M] + , 96%). 

EXAMPLES 11-13 : In the following Examples, the R group is modified as 
indicated. 



CN 



R=H 

R=N0 2 

R=NEt 2 



There are two precursors required for these Examples. 
2-Aminothiophene-3-carbonitrile 



15 




To a solution of 1 ,4-dithiane-2,5-diol (12.12 g, 78 mmol) and malononitrile (10.52 
g, 157 mmol) in 55 ml of DMF was added DBU (10 ml, 78 mmol, 1 eq.) at 0°C. 
The solution turned maroon after a few minutes and was allowed to stir for 1 hour 
at room temperature followed by heating to 60°C for 8 hours. The reaction mixture 
20 was hydrolysed with 120 ml of 0.4 M acetic acid then extracted with ether. The 
organic layer was dried with MgS0 4 and then concentrated. The resulting solid 
was recrystallized from ethyl acetate to afford the title compound was a light yellow 
solid (11 g, 89 mmol, yield 57 %). 1 H-NMR (CDCI 3 , 400 MHz): 6.72, 6.34, 4.82. 
13 C-NMR (CDCI 3 , 75 MHz) : 162.25, 125.56, 125.34, 110.29, 88.35. 



25 
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Ethyl 2-aminothiophene-3-carboxvlate 

The same procedure as 2-aminothiophene-3-carbonitrile was used except 
replacing malononitrile with ethyl cyano acetate. 1 H-NMR (CDCI 3 , 400 MHz): 6.95, 
5 6.15, 4.26, 1.32. 

EXAMPLE 11 : Synthesis of 2-[(thiophen-2-ylmethylene)-amino]-thiophene-3- 
carbonitrile (R=H) 

2-Amino-thiophene-3-carbonitrile (50mg) and thiophene-2-carboxaldehyde (54mg) 
10 were mixed in isopropanol with TFA and refluxed for 20 hours. The reaction was 
then purified by flash chromatography, resulting in 61 mg (70%) of the title 
compound as an orange solid. M.p. 58°-60°C. 1 H-NMR (300MHz, [D] acetone): 5= 
8.49 (s,1H), 7.90 (d,1H, 3 J= 5.0Hz), 7.82 (dd, 1H, 3 J= 3.7Hz and 1.0Hz), 7.42 (d, 
1H, 3 J= 5.7Hz), 7.27 (m, 2H, 3 J= 5.6Hz). 13 C-NMR (300MHz, [D] acetone): 5= 
15 163.4, 155.4, 141.8, 136.2, 133.9, 129.0, 128.1, 122.5, 114.6, 105.8. 

EXAMPLE 12 : Synthesis of 2-[(5-nitro-thiophen-2-ylmethylene)-amino]- 
thiophene-3-carbonitrile (R=N0 2 ) 

2-Amino-thiophene-3-carbonitrile (30mg) and 5-nitro-thiophene-2-carboxaldehyde 
20 (41 mg) were mixed in isopropanol with TFA and refluxed for 28 hours. The 
reaction was then purified by flash chromatography, resulting in 45mg (71%) of the 
title compound as an orange powder. M.p.: 192°-194°C. 1 H-NMR (300MHz, [D] 
acetone): 5= 8.98 (s, 1H), 8.12 (d, 1H, 3 J= 4.3Hz), 7.85 (d, 1H, 3 J= 4.3Hz), 7.61 (d, 
1H, 3 J= 5.7Hz), 7.38 (d, 1H, 3 J= 5.7Hz). 13 C-NMR (300MHz, [D] acetone): 5= 
25 161.2, 154.3, 147.3, 133.7, 130.0, 128.6, 125.9, 125.1, 109.5, 108.5. 

EXAMPLE 13 : Synthesis of 2-[(5-diethylamino-thiophen-2-ylmethylene)- 
amino]-thiophene-3-carbonitrile (R=NEt 2 ) 

In a round bottom flask (50mL), 30 mg of 2-amino-thiophene-3-carbonitrile was 
30 added to 20mL isopropanol to which was further added 5-diethylamino-thiophene- 
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2-carbaldehyde (48mg) and a catalytic amount of TFA. The mixture was refluxed 
for 3 hours. Complete removal of the solvent leads to an orange oil which was 
purified by flash chromatography (Si0 2 ). The title compound was isolated as an 
orange solid (63%). 1 H-NMR (300MHz, [D] acetone): 5= 8.44 (s, 1H), 7.54 (d, 1H, 
5 3 J= 4.5Hz), 7.09 (s, 2H), 6.13 (d, 1H, 3 J= 4.5Hz), 3.54 (q, 4H, 3 J= 7.1Hz), 1.27 (t, 
6H, 3 J= 7.1Hz). 13 C-NMR (300MHz, [D] acetone): 5= 166.1, 153.2, 141.2, 131.9, 
127.9, 123.3, 118.8, 116.0, 104.5, 101.5, 48.2, 12.4. 



EXAMPLE 14 : Synthesis of 2,5-bis-[(thiophen-2-ylmethylene)-amino]- 
1 0 thiophene-3,4-dicarboxylic acid diethyl ester (3) 

Et0 2 C C0 2 Et 



OVM} ,7.7 



jjL of 2-thiophene carboxaldehyde (21.7 mg, 
0.1935 mmol), and 0.995 /jL of trifluoroacetic acid (1.487 mg, 0.0129 mmol, 16.7 
mol%) were added to 10 mL of anhydrous ethanol. 20 mg of 2,5-diamino- 
thiophene-3,4-dicarboxylic acid diethyl ester (0.0774 mmol) were dissolved into the 
15 solution, and the resulting mixture was allowed to stir under reflux for 2 days. The 
solvent was removed by rotary evaporation, and the remaining solid was washed 
with several portions of n-hexane, then recrystallized from acetone to yield fine red 
needle-like crystals (19.0mg, 55%). FAB-MS: m/z 447.1 ([M+], 70%). A max 
(acetonitrile) = 418 nm, £ (acetonitrile) = 2.3 x 10 5 ' M" 1 dm' 1 , Afi(acetonitrile) = 564 
20 nm. 



Alternative synthetic approaches to produce the title compound are possible. The 
direct one-pot approach involves 5-diamino-thiophene-3,4-dicarboxylic acid diethyl 
ester (100 mg, 0.4 mmol) and 2-thiophenecarboxaldehyde (99.4 mg, 0.8 mmol) 
25 were stirred in isopropanol (10 ml) in a 25 ml one necked flask followed by the 
addition of a catalytic amount of trifluoroacetic acid. The solution turned orange 
then red in colour after refluxing for 8 hours and then was concentrated in vacuum 
to near dryness. The crude product was loaded onto a silica column and eluted 
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with hexane/ethyl acetate (85/15) up to hexane/ethyl acetate (75/25) to give 
unoptimized 65 mg (40 %) of a red solid. M.p.= 128o - 129o C. 1 H-NMR (400 
MHz, [D] Acetone): d = 8.75 (s, 2H), 7.85 (d, 2H, J = 4.96), 7.76 (d, 2H, J = 3.68), 
7.26 (d, 2H, J = 5.21), 4.32 (q, 2H, J = 7.16), 1.37 (t, 4H, J = 7.16). 13 C-NMR (200 
5 MHz, [D] Acetone): d = 206.02, 163.39, 153.95, 142.82, 135.47, 133.56, 129.26, 
61.55, 14.52. ESI-MS: m/z 447.1 ([M]+, 100%). Anal. calc. for C20H18N2O4S3 
(446.1): C 53.79, H 4.06, N 6.27, O 14.33, S 21.54 10 found: C 54.95 H 4.19 N 
5.97 S 21 .51. 

10 The title compound can also be obtained by combining equivalent amounts of 2- 
thiophene and 2,5-bis-[(thiophen-2-ylmethylene)-amino]-thiophene-3,4-dicarboxylic 
acid diethyl ester-in isopropanol and following the same procedure as above. 

EXAMPLES 15-19 : In the following Examples, the R group is modified as 
15 indicated. 



EXAMPLE 15 : Synthesis of diethyl-2,5-bis((5-nitrothiophen-2-yl)methylene- 
amino)thiophene-3,4-dicarboxylate(Ri=R 2 =N0 2 ) 

20 5-Nitrothiophene-2-carbaldehyde (40mg) was mixed with DABCO (29mg) and 
TiCI 4 (255uL, 1M in toluene) in toluene at 0°C. Diethyl 2,5-diaminothiophene-3,4- 
dicarboxylate (32mg) was added and the solvent was refluxed for 4-5 hours. The 
title compound was isolated as a purple-grey solid after flash chromatography 
(26mg, 38%). M.p.: 255°-257°C. 1 H-NMR (300MHz, [D] acetone): 5= 8.84 (s, 2H), 

25 8.10 (d, 2H, 3 J= 4.5Hz), 7.80 (d,2H, 3 J= 4.4Hz), 4.37 (q, 4H, 3 J= 7.1Hz), 1.39 (t, 
6H, 3 J= 7.1Hz). 13 C-NMR (300MHz, [D] acetone): 6= 164.8, 163.3, 156.2, 147.0, 
137.5, 131.3, 130.0, 127.8, 60.6, 14.4. 




R 1= R 2 =N0 2 
R 1= R 2 =NEt 2 
R 1= H; R 2 =N0 2 
Ri=NEt 2 ; R 2 =N0 2 
R 1 = R 2 =2-thioph ene 



WO 2005/073265 



PCT/CA2005/000131 



17 

EXAMPLE 16 : Synthesis of diethyl-2,5-bis((5-(diethylamino)thiophen-2- 
yl)methyleneamino) thiophene-3,4-dicarboxyIate (Ri=R 2 =NEt 2 ) 

5-(Diethylamino)thiophene-2-carbaldehyde (50mg) was mixed with DABCO 
(31 mg) and TiCI 4 (273uL, 1M in toluene) in toluene at 0°C. Diethyl 2,5- 
5 diaminothiophene-3,4-dicarboxylate (32mg) was added and the reaction was 
refluxed for 3-4 hours. The solvent was removed and the product isolated as a 
purple-grey solid after purification by flash chromatography (64mg, 88%). 1 H-NMR 
(300MHz, [D] acetone): 5= 8.26 (s, 2H), 7.39 (d, 2H, 3 J= 4.4Hz), 6.05 (d, 2H, 3 J= 
4.4Hz), 4.24 (q, 4H, 7.1Hz), 3.49(q, 8H, 7.1Hz), 1.34 (t, 6H, 3 J= 7.1Hz), 1.25 (t, 
10 12H, 7.1Hz). 13 C-NMR (300MHz, [D] acetone): 5= 164.2, 163.8, 150.6, 149.1, 
138.4, 124.3, 124.2, 103.3, 60.5, 47.6, 14.2, 12.0. 

EXAMPLE 17 : Synthesis of 2-[(5-nitro-thiophen-2-ylmethylene)-amino]-5- 
[(thiophen-2-ylmethylene)-amino]-thiophene-3,4-dicarboxylic acid diethyl 

15 ester (Ri=H; R 2 =N0 2 ) 

5-Nitrothiophene-2-carbaldehyde (9mg) was mixed in toluene under nitrogen at 
0°C with DABCO (7mg), TiCI 4 in solution in toluene (59pL) and 2,5-bis-[(thiophen- 
2-ylmethylene)-amino]-thiophene-3,4-dicarboxylic acid diethyl ester (12mg). The 
mixture was refluxed for six hours, concentrated and the product isolated as a red 

20 powder after purification by flash chromatography. M.p.: 220°-222°C. 1 H-NMR 
(300MHz, [D] acetone): 5= 8.81 (s, 1H), 8.79 (s, 1H), 8.10 (d, 1H, 3.2Hz), 7.91 (d, 
1H, 3 J= 4.1Hz), 7.81 (d, 1H, 2.9Hz), 7.78 (d, 1H, 3 J= 4.6Hz), 7.29 (dd, 1H, 2.7Hz 
and 3.8Hz), 4.38 (q, 2H, 3 J= 5.3Hz), 4.32 (q, 2H, 3 J= 5.3Hz), 1 .41 (t, 3H, 3 J= 
5.3Hz), 1.36 (t, 3H, 3 J= 5.3Hz). 13 C-NMR (300MHz, [D] acetone): 5= 176.9, 174.2, 

25 169.1, 166.5, 155.1, 151.7, 146.6, 142.2, 140.9, 136.1, 135.9, 134.0, 132.7, 130.0, 
129.0, 127.5, 61.5, 61.3, 14.2, 14.0. 

EXAMPLE 18 : Synthesis of 2-[(5-diethylamino-thiophen-2-yImethylene)- 
amino]-5-[(5-nitro-thiophen-2-ylmethylene)-amino]-thiophene-3,4-dicarboxy- 
30 lie acid diethyl ester (Ri=NEt 2 ; R 2 =NQ 2 ) 
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5-Nitrothiophene-2-carbaldehyde (23mg) was mixed in toluene under nitrogen at 
0°C with DABCO (16mg), TiCI 4 in solution in toluene (146uL) and 2-amino-5-[(5- 
diethylamino-thiophen-2-ylmethylene)-amino]-thiophene-3,4-dicarboxylic acid 
diethyl ester (56mg) and refluxed for seven hours. The reaction affords a purple- 
5 grey powder (53mg, 72%) after purification by flash chromatography. 1 H-NMR 
(300MHz, [D] acetone): 5= 8.55 (s, 1H), 8.36 (s, 1H), 8.06 (d, 1H, 3 J= 4.3Hz), 7.66 
(d, 1H, 3 J= 4.4Hz), 7.55 (d, 1H, 3 J= 4.6Hz), 6.19 (d, 1H, 3 J= 4.6Hz), 4.36 (q, 2H, 
3 J= 7.3Hz), 4.25 (q, 2H, 3 J= 7.1Hz), 3.55 (q, 4H, 3 J= 7.5Hz), 1.39(t, 3H, 3 J= 7.1Hz), 
1.34(t, 3H, 3 J= 7.2Hz), 1.28(t, 6H, 3 J=7.1Hz). 13 C-NMR (300MHz, [D] acetone): 5= 
10 173.0, 167.5, 164.1, 162.9, 149.7, 143.7, 132.9, 131.6, 131.3, 130.2, 130.1, 129.7, 
129.1, 127.6, 114.0, 104.9, 61.4, 60.2, 39.2, 14.2, 13.8, 10.8. +TOF-MS: m/z 
563.10838. Calculated for C24H26O6N4S3 563.10872. 

EXAMPLE 19 : Synthesis of diethyl 2,5-bis((5-(thiophen-2-yl)thiophen-2- 
1 5 yl)methyleneamino) thiophene-3,4-dicarboxylate (R 1 =R 2 =2-thiophene) 

Thiophene-2,5-diamino-3,4-dicarboxylic acid diethyl ester (49mg) and 5-formyl- 
2,2'bithiophene (75mg) were refluxed in isopropanol for 3-4 hours in the presence 
of a TFA catalyst and the product isolated as a red powder (58mg, 50%). M.p.: 
20 130°-132°C. 1 H-NMR (300MHz, [D] acetone): .5= 8.69 (s, 2H), 7.76 (d, 2H, 3 J= 
4.1Hz), 7.66 (d, 2H, 3 J= 6.1Hz), 7.53 (d, 2H, 3 J= 3.7Hz), 7.46 (d, 2H, 3 J= 4.0Hz), 
7.16 (t, 2H, 3 J= 3.6Hz), 4.26 (q, 4H, 3 J= 6.9Hz), 1.30 (t, 6H, 3 J= 7.3Hz). 13 C-NMR 
(300MHz, [D] acetone): 5= 173.0, 163.0, 152.8, 140.9, 136.4, 131.6, 129.2, 129.0, 
127.3, 126.2, 125.2, 123.9, 66.3, 13.8. EI-MS: m/z 610.9 ([M] + , 100%). 

25 

PART II : SYNTHESIS OF THIOPHENE-CONTAINING POLYMERS (EXAMPLES 
20-21) 



The following non-limiting examples describe the synthesis of representative 
30 oligomers that are representative of the present invention. The compounds of 
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Examples 20 and 21 are shown in Reaction Schemes 1 and 3, respectively, of the 
Summary section, above. 

The polymer molecular weights were determined relative to polystyrene standards 
5 by gei-permeation-chromotography (GPC) using DMF as eluent. Alternatively, 
MALDI-TOF was done with polymer solid samples using an appropriate matrix. 
The average degree of polymerization (DP) for the dehydration reaction can be 
calculated from the measured polymer molecular weight divided by the molecular 
weight of the monomer repeating units. The terms "DP" and "n", in the reaction 
10 below, are synonymous and can be interchanged. 




A 



B 



(A-B), 



'n 



A 



calculation example is the following : 
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EXAMPLE 20 : Synthesis of thiophene polyazomethine (4) 



EtQ 2 C N 




,C0 2 Et 



n Commercially available 2,5-thiophenedicarboxaldehyde 



(6.5 mg, 0.046 mmol) was added to a 5 ml round bottom flask followed by 2,5- 
diamino-thiophene-3,4-dicarboxylic acid diethyl ester (1 1 .9 mg, 0.041 mmol) and 5 
5 - 10 mol % of trifluoroacetic acid. The mixture was subsequently heated under 
nitrogen atmosphere for 12 hours without solvent. The resulting oil was used 
through the next step without further purification and was cooled, and the low 
molecular weight oligomers removed by washing with ethanol. The resulting 
purple polymer is soluble in DMSO, DMF, and NMP to name but a few. DP = 3 
10 601, M n = 87 541 g/mol. A max (DMSO) = 497 and 542 nm. Anal. calc. for 
C 16 H 14 N 2 S2X 35.85 H 2 0: C 37.85, H 8.67, N 10.50, S 5.79 found: C 34.94, H 8.67, 
N 10.89, S 4.66. 

Alternatively, 2,5-thiophenedicarboxaldehyde (4 mg, 0.029 mmol) was added to a 
15 25 ml round bottom flask followed by 2,5-diamino-thiophene-3,4-dicarboxylic acid 
diethyl ester (7.9 mg, 0.029 mmol) and 5 - 10 mol % of trifluoroacetic acid. The 
mixture was subsequently refluxed under nitrogen atmosphere for 12 hours using 
absolute ethanol and the polymer isolated upon removal of the solvent and was 
used without further purification. The resulting purple polymer is soluble in DMSO, 
20 DMF, and NMP to name but a few. DP = 74, M n = 26 686 g/mol. A max (DMSO) = 
478 nm. 

Alternatively, in 7 ml anhydrous toluene was added under argon 2,5-diamino-3,4- 
ethyl ester thiophene (146 g, 0.56 mmol) followed by 1,4-diaza- 
25 bicyclo[2.2.2]octane (DABCO; 411 mg, 3.66 mmol) followed by titanium (IV) 
chloride (100 ul, 0.91 mmol). The temperature was raised and thiophene-2,5- 
dicarboxaldehyde (79 g, 0.56 mmol) dissolved in 10 ml anhydrous toluene was 
added. This mixture was refluxed under argon for 24 hours. The red wine 
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coloured mixture obtained was cooled to room temperature and the precipitate 
was isolated by vacuum filtration. The polymer was isolated as deep blood red 
flakes readily soluble in alcoholic solvents, DMSO, DMF, and marginally soluble in 
chloroform. 

5 

For less reactive monomers, the polymerization was undertaken as follows. 
Typically, in a 50 mL flask, 150 mg of diamine monomer were dissolved in 10 ml of 
anhydrous THF and then 1 ,4-diaza-bicyclo[2.2.2]octane (DABCO; 411 mg, 3.66 
mmol) was added under nitrogen atmosphere. To this solution was added 1.5 
10 stoichiometric equivalents of titanium (IV) chloride (100 ml, 0.91 mmol). The 
reaction mixture was then heated to reflux following the addition of one 
stoichiometric equivalent of monomer dialdehyde, for a period of 24 hours. The 
polymer precipitated from solution and was isolated by filtration by filtration and 
washed with toluene and chloroform. 

15 

EXAMPLE 21 : Synthesis of poIy(4 5 4'-diiminostilbene-2 J 2'-disulfonic acid 
thiophene) (9) 




Na °3 s A volume of 60 ml distilled water and a few 

drops of 2M sodium hydroxide was required to dissolve the commercially available 

20 4,4'<liaminostilbene-2,2'-disulfonic acid (155 mg, 0.41 mmol). After the addition of 
40 ml THF, 2,5-thiophene dicarboxaldehyde (58 mg, 0.42 mmol) was added along 
with a catalytic amount of benzyltriethyl ammonium chloride. The red coloured 
solution was stirred at room temperature for two days. The solvent was removed 
under reduced pressure to afford the polymer as a red solid that was recrystalized 

25 from ethanol. A max (water): 305 and 338 nm. M w = 148 094, PDI = 2.3, DP = 286. 
1 H-NMR (200 MHz, [D] DMSO): 5 = 8.92 (br, s, 2 H), 8.21 (br, s, 2 H), 7.80 (br, s, 6 
H), 7.39 (br, s, 2 H). Anal. cald. C 2 oH 12 0 6 N 2 S 3 Na 2 -7.2 H 2 0: C 37.06, H 4.11, N 
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4.32, S 14.84 found C 37.27, H 3.90, N 4.28, S 14.62. The 1 S 0 ,o- 0 S 0 ,o (HOMO- 
LUMO) transition was calculated to be 65 kcal/mol (2.83 eV). From the absorption 
onset in the red region of the spectrum, a value can be calculated for the band gap 
of 51 .3 kcal/mol (2.23 eV) for 9. 
5 NB: The sodium counterion can be replaced with K, Rb or Cs. 

PART III : FLUORENE-CONTAIN1NG COMPOUNDS AND OTHER THIOPHENE 
OLIGOMERS (EXAMPLES 22-34) 

10 EXAMPLE 22 : Synthesis of bis((thiophen-2-yl)methyIene)-9H-fluorene-2,7- 
diamine 



2-Thiophenecarboxaldehyde (131 mg, 1.2 mmol) was added to 2,7- 
diaminofluorene (100 mg, 0.51 mmol) in anhydrous isopropanol and refluxed for 2 

1 5 days with a catalytic amount of TFA. The solvent was evaporated and no further 
purification was required. The title compound was obtained as a yellow powder. 
(196 mg, mmol, 100%) M.p.: 201 °C. 1 H-NMR (300 MHz, [D] DMSO): 5 = 7.88 (d, 
2H, 3 J = 11 Hz), 7.81 (d, 2H, 3 J= 6.5), 7.69 (d, 2H, 3 J = 4), 7.50 (s, 2H), 7.30 (d, 
2H, 3 J = 11 Hz), 7.22 (t, 2H, 3 J = 5.0Hz), 3.96 (s, 2H). 13 C-NMR (300 MHz, [D] 

20 DMSO): 5 = 152.91, 148.43, 142.22, 139.53, 129.74, 127.43, 127.10, 125.82, 
123.63, 120.34, 36.52. HR-MS: m/z target 385.08277, measured 385.08388, mass 
error (ppm) 2.89. C.V. -1.36, -0.77, -0.10, 1.27 V. In 0.1 M TBAPF 6 as supporting 
electrolyte in degassed anhydrous acetonitrile A max = 381 nm. A em = 318 and 606 
nm. E g = 452 nm, 63.23 Kcal/mol. AE = 298.8 nm, 95.65 Kcal/mol. 



EXAMPLE 23 : Synthesis of ((thiophen-2-yl)methyIene)-9H-fluoren-2-amine 




25 
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2-Thiophenecarboxaldehyde (80.4 mg, 0.72 mmol) was added to 2-aminofluorene 
(100 mg, 0.55 mmol) and refluxed in isopropanol for 12 hours with a catalytic 
amount of TFA. The solvent was evaporated and the product was purified by flash 
chromatography using anhydrous basic activated alumina gel (AI0 2 ) and 40% 
5 ethyl acetate and 60% hexanes. The title compound was obtained as a yellow 
product. (45.4 mg, 0.165 mmol, 30 %). M.p.: 143 °C. 1 H-NMR (300 MHz, [D] 
DMSO): 5 = 8.65 (s, 1H), 7.89 (t, 2H, 3 J= 10.9 Hz), 7.81 (d, 1H, 3 J = 6.7 Hz), 7.69 
(dd, 1H, 3 J = 4.8 Hz, 4 J= 1.4 Hz), 7.57 (d, 1H, 3 J= 9.76 Hz), 7.50 (s, 1H), 7.37 (t, 
1H, 3 J= 9.88 Hz), 7.32 (t, 2H, 3J = 11 Hz), 7.22 (dd, 1H, 3J = 4.84 Hz, 4J = 1.8 
10 Hz), 3.94 (s, 2H). 13 C-NMR (300 MHz, [D] DMSO): 5 = 152.9, 148.4, 144.2, 143.1, 
144.4, 141.0, 129.7, 128.8, 128.2, 128.4, 127.4, 127.1, 126.8, 125.8, 123.6, 120.3, 
36.5. C.V. -1.36, -0.96, -0.56, -0.02, 0.62, 1.39 V. In 0.1 M TBAPF6 as supporting 
' electrolyte in degassed anhydrous acetonitrile Amax= 352 nm. A em = 302 nm. E g = 
454 nm, 62.95 Kcal/mol. AE = 300 nm, 95.26 Kcal/mol. 



EXAMPLE 24 : Synthesis of (30E,31 E)-N2-((5-((25E)-((Z)-5-((thiophen-2- 
yl)methyleneamino)-3,4-dimethylcarboxylatethiophen-2-ylimino)methyl)thiophen-2- 
yl)methylene)-3,4-dimethylcarboxylate-N5-((thiophen-2-yl)methylene)thiophene- 
2,5-diamine 



2-Thiophenedicarboxaldehyde (67.3 mg, 0.48 mmol) was added to diethyl 2,5- 
diaminothiophene-3,4-dicarboxylate (247.8 mg, 0.96 mmol) in anhydrous 
25 isopropanol under an N 2 atmosphere and a catalytic amount of TFA. The reaction 
was slowly heated without refluxing for 2 days. A red colored powder was purified 
using flash column chromatography on silica (Si0 2 ) with 1:1 ethyl acetate and 
hexanes as solvent. The reaction yielded the title compound (90 mg, 0.15 mmol, 
30 %). 1 H-NMR (300 MHz, [D] DMSO): 5 = 8.20 (s, 2H), 8.00 (s, 4H), 7.54 (s, 2H), 



15 



20 
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4.26 (q, 4H, 3 J = 7.04 Hz), 4.14 (q, 4H, 3 J = 7.04 Hz), 1.32 (t, 6H, 3 J = 7.12 Hz), 
1.20 (t, 6H, 3 J= 7 Hz). 13 C-NMR (300 MHz, [D] DMSO): 5 = 162.3 , 160.2, 153.0, 
135.6, 134.9, 129.0, 126.6, 126.5, 60.9, 14.1. 

5 EXAMPLE 25 : Synthesis of 2,5-bis-[(thiophen-2-ylmethylene)-amino]- 
thiophene-2,5-diamine 



2-Thiophenecarboxaldehyde (58.9 mg, 0.53 mmol) was added to bis(diethyl 2,5- 
diaminothiophene-3,4-dicarboxylate)-thiophene-2,5-diamine (1 6.3 mg, 0.027 

10 mmol) in anhydrous isopropanol with a catalytic amount of TFA under N 2 . The 
reaction was heated mildly for 2 days. The product was purified using activated 
basic alumina gel (AI0 2 ) and CH 2 CI 2 . The title compound was obtained as a red 
colored powder was obtained (13 mg, 0.016 mmol, 60%). 1 H-NMR (400 MHz, [D] 
DMSO): 5 = 8.1 (d, 2H, 3 J= 5.7 Hz), 7.94 (d, 2H, 3 J= 4.83 Hz), 7.76 (s, 2H), 7.50 

15 (d, 2H, 3 J= 3.63 Hz), 7.23 (dd, 2H, 3 J = 5.1, 3 J = 5.04 Hz), 6.54 (d, 2H, 3 J = 5.7 
Hz), 3.06 (m, 8H), 1 .26 (m, 12H). 

EXAMPLE 26 : Synthesis of N2-((thiophen-2-yl)methylene)-9H-fluorene-2,7- 



2-Thiophenecarboxaldehyde (22 mg, 0.19 mmol) was added to 2,9- 
diaminofluorene (50mg, 0.26 mmol) in anhydrous ethanol with a catalytic amount 
of TFA under an N2 atmosphere. The reaction was refluxed for 12 hours. The 
25 solvent was evaporated and no further purification was required. The title 
compound was obtained as a yellow colored powder (73 mg, 0.25 mmol, 98%). 
1 H-NMR (400MHz, [D] DMSO): 5 = 8.90 (s, 1H), 7.82 (s, 1H), 7.77 (s, 1H), 7.64 




diamine 
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(dd, 1H, 3 J = 7.64 Hz), 7.54 (d, 1H, 3 J = 8.32 Hz), 7.44 (s, 1H), 6.80 (s, 1H), 6.72 
(s, 1H), 6.63 (d, 1H, 3J = 8.44 Hz). 6.52 (d, 1H, 3J = 7.72 Hz), 5.27 (s, 2H), 3.80 
(s, 2H). 

5 EXAMPLE 27 : Synthesis of bis(((thiophen-2-yl)methylene)carbox-aldehyde))- 
9H-fluorene-2,7-diamine 



To 2,9-diaminofluorene (100mg, 0.51 mmol), 2,5-thiophenedicarboxadehyde 
(142.8 mg, 1.02 mmol) was added in anhydrous isopropanol, under an N 2 

10 atmosphere and with a catalytic amount of TFA. The reaction was heated mildly 
for 12 hours until an orange precipitate was formed and filtered (213 mg, 0.48 
mmol, 95%). 1 H-NMR (400 MHz, [D] DMSO): 5 = 10.0 (s, 2H), 9.04 (s, 2H), 7.80 
(d, 2H, 3 J = 4.04 Hz), 7.86 (d, 2H, 3 J = 4.04 Hz), 7.44 (d, 2H, 3 J = 8.02 Hz), 7.32 
(d, 2H, 3 J= 9.76 Hz), 6.77 (s, 2H), 4.35 (s, 2H). 13 C-NMR (300 MHz, [D] DMSO): 

15 5 = 182.5, 154.2, 152.9, 148.4, 144.4, 143.5, 139.5, 137.4, 129.2, 129.7, 123.6, 
120.3, 36.5. C.V. -1200, -1212, -969, 763, 1249 V. In 0.1 M TBAPF 6 as supporting 
electrolyte in degassed anhydrous acetonitrile. A max = 424 nm. A em = 328 and 622 
nm. Eg = 569 nm, 50.23 Kcal/mo). AE= 300 nm, 25.26 Kcal/mol. 

20 EXAMPLE 28 : Synthesis of N-((9H-fluoren-2-yl)methyIene)-9H-fluoren-2- 
amine 



2-Fluorenecarboxaldehyde (100 mg, 0.51 mmol) was added to aminofluorene 
(93.3 mg, 0.51 mmol) in anhydrous isopropanol under N 2 with a catalytic amount 
25 of TFA. No heating was required. The reaction was run for 12 hours until a green 
precipitate was filtered, yielding 183.7 mg of the title compound. 



OHC 
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EXAMPLE 29 : Synthesis of N2-((9H-fluoren-2-yI)methylene)-9H-fluorene-2,7- 
diamine 



2-Fluorenecarboxaldehyde (49.5 mg, 0.25 mmol) was added to 2,7- 
5 diaminofluorene (50 mg, 0.25 mmol) in anhydrous isopropanol, under an N 2 
atmosphere and a catalytic amount of TFA. No heating was required. The reaction 
was run for 12 hours until a green precipitate was filtered, yielding 94.9 mg. of the 
title compound. 

10 EXAMPLE 30 : Synthesis of N2-((9H-fluoren-2-yl)methylene)-N7-((9H-fluoren- 
7-yl)methylene)-9H-fIuorene-2 3 7-diamine 



Fluorenecarboxaldehyde (99 mg, 0.51 mmol) was added to 2,7-diaminofluorene 
(50 mg, 0.25 mmol) in anhydrous isopropanol, under an N 2 atmosphere and a 
15 catalytic amount of TFA. No heating was required. The reaction was run for 12 
hours. The title compound was obtained as an orange precipitate (140 mg). 

EXAMPLE 31 : Synthesis of alternating fluorene and thiophene azomethine 
oligomer 




2,5-Thiophenedicarboxaldehyde (7.1 mg, 0.05 mmol) was added to 2,9- 
diaminofluorene (10 mg, 0.05 mmol) in anhydrous DMF, under an N 2 atmosphere 
and a catalytic amount of TFA. The original solution was diluted by a factor of 5 
and 20. The reactions were heated to 70 °C for 12 hours under nitrogen. The 
25 original solution at the end was red, the solution diluted by a factor of 5 was 
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orange and the solution diluted by a factor of 20 was yellow leading to 
absorbances of A max = 31 9, 323, and 335 nm, respectively. 

The reaction can also be run under ambient atmosphere with the use of alcoholic 
5 solvents, DMSO, DMAC, or halogenated solvents under reflux temperatures. The 
reaction can also be run neet under inert atmosphere by and heating the mixture 
to the melting temperature. 

EXAMPLE 32 : Synthesis of 2-amino-5-[([2 5 2']bithiophenyl-5-yImethylene)- 
1 0 amino]-thiophene-3 ? 4-dicarboxyIic acid diethyl ester 




5-(Thiophen-2-yl)thiophene-2-carbaldehyde (40 mg, 0.25 mmol) was added to 
15 diethyl 2,5-diaminothiophene-3,4-dicarboxylate (30 mg, 0.25 mmol) in isopropanol 
and refluxed for five hours after the addition of a catalytic amount of TFA. The 
solvent was removed and the title product was isolated as a yellow solid after 
purification by flash chromatography (42 mg, 64 %). 1 H-NMR (300 MHz, [D] 
DMSO): 5 = 8.19 (s, 1H), 7.89 (s, 2H), 7.58 (d, 1H, 3 J=5.2 Hz), 7.50 (d, 1H, 3 J = 
20 3.9 Hz) 7.41 (d, 1 H, 3 J = 3.6 Hz), 7.34 (d, 1H, 3 J= 3.9 Hz), 7.11 (t, 1 H, 3 J= 3.6Hz), 
4.25 (q, 2H, 3 J=7.1 Hz), 4.12 (q, 2H, 3 J=7.2 Hz), 1.31 (t, 3H, 3 J=7.2 Hz), 1.19 
(t, 3H, 3 J = 7.0 Hz). 13 C-NMR (60 MHz, [D] acetone): 5 = 165.5, 164.8, 161.7, 
146.1, 142.3, 141.9, 137.7, 137.6, 133.5, 133.4, 131.1, 129.2, 126.9, 125.8, 125.3, 
61.5, 60.5, 14.8, 14.6. EI-MS: m/z 434.9 ([M] + , 96 %). 

25 
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EXAMPLE 33 : Synthesis of diethyl 2-((5-(thiophen-2-yI)thiophen-2- 

yI)methyIeneamino)-5-((thiophen-2-yl)methyleneamino)thiophene-3 5 4-dicar- 

boxylate 




5 This compound can be synthesized either step-wise or one-pot. Step-wise 
formation was achieved by adding 5-(thiophen-2-yI)thiophene-2-carbaldehyde 
(30mg, 0.15mmol) to diethyl 2,5-diaminothiophene-3,4-dicarboxylate (48mg, 0.19 
mmol) followed by refluxing in isopropanol for 12 hours with a catalytic amount of 
TFA. The intermediate product was isolated as a yellow powder 3 (50 mg, 1.1 

10 mmol 74%) after purification by flash chromatography. To the resulting product 
was added 2-thiophene carboxaldehyde (13 mg, 1.2 mmol) in isopropanol with a 
catalytic amount of TFA. The reaction was refluxed for 12 hours. The title product 
was isolated as a red colored powder following flash chromatography (37.5 mg, 
0.1 mmol, 46 %). 1 H-NMR (400 MHz, [D] acetone): 5 = 8.75 (s, 1H), 8.69 (d, 1H 3 

15 3 J= 3.6), 7.86 (d, 1H, * J = 4.96), 7.78 (d, 1H, 3 J = 2.84), 7.71 (d, 1H, 3 J = 3.88), 
7.59 (dd, 1H, 3 J= 5.04, 4 J= 0.76), 7.51 (d, 1H, 3 J= 3.68), 7.26 (dd, 1H, 5 J= 3.76, 
4 J= 1.2), 7.17 (dd, 1H, 3 J=3.68, 4 J= 1.36), 4.35 (m, 4H), 1.40 (m, 6H). 
As an alternative, 2,5-diaminothiophene-3,4-dicarboxylate (100 mg, 3.8 mmol) and 
2-thiophene carboxaldehyde (36 mg, 3.2 mmol) were combined in ethanol along 

20 with a catalytic amount of TFA. After 12 hours of refluxing, a yellow powder was 
isolated after purification by flash chromatography (7 5mg, 2.2 mmol, 69%). 5- 
(thiophen-2-yl)thiophene-2-carbaldehyde (43 mg, 2.2 mmol) in isopropanol was 
added to the isolated product with a catalytic amount of TFA. A red colored powder 
(61 mg, 1.1 mmol, 52%) was isolated after flash column chromatography (Si0 2 ). 

25 

One-step synthesis of the title compound can be achieved by combining 2,5- 
diaminothiophene-3,4-dicarboxylate (15 mg, 0.5 mmol) with 2-thiophene 
carboxaldehyde (6.5 mg, 0.6 mmol), followed by refluxing in ethanol for 12 hours in 
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the presence of a catalytic amount of TFA. After removal of the solvent, 5- 
(thiophen-2-yl)thiophene-2-carbaldehyde (1 1 .3 mg, 0.5 mmol) in isopropanol was 
added in addition to a catalytic amount of TFA and the solution refluxed for 12 
hours. The title compound was isolated as a red powder (20.9 mg, 0.4 mmol, 
5 63%) after flash chromatography (Si0 2 ). 

EXAMPLE 34 : Synthesis of diethyl 2,5-bis((5-(thiophen-2-yl)thiophen-2- 
yl)methyIeneamino) thiophene-3,4-dicarboxylate (5) 



10 5-(Thiophen-2-yl)thiophene-2-carbaldehyde (75 mg) was added to diethyl 2,5- 
diaminothiophene-3,4-dicarboxylate (49 mg) and the solution was refluxed in 
isopropanol for four hours in the presence of a catalytic amount of TFA. The title 
compound was isolated as a red powder (58 mg, 50 %) following column 
chromatography. M.p.: 130 °- 132 °C. 1 H-NMR (300 MHz, [D] acetone): 5 = 8.69 

15 (s, 2H), 7.76 (d, 2H, 3 J = 4.1 Hz), 7.66 (d, 2H, 3 J = 6.1 Hz), 7.53 (d, 2H, 3 J = 3.7 
Hz), 7.46 (d, 2H, 3 J= 4.0 Hz), 7.16 (t, 2H, 3 J= 3.6 Hz), 4.26 (q, 4H, 3 J= 6). 
9 Hz), 1.30 (t, 6H, 3 J= 7.3 Hz). 13 C-NMR (60 MHz, [D] acetone): 5 = 173.0, 163.0, 
152.8, 140.9, 136.4, 131.6, 129.2, 129.0, 127.3, 126.2, 125.2, 123.9, 66.3, 13.8. 
EI-MS: m/z610.9 ([M] + , 100%). 



PART iV : CONJUGATED THIOPHENES FROM ONE-POT SNAP TOGETHER 
MOLECULES 

A simple one-pot selective process for synthesizing symmetric and unsymmetric 
25 conjugated oligomers with varying number of thiophene units is presented. This 
process results in materials that . exhibit interesting and enhanced properties 
relative to their carbon analogues, 15 and provide a means for fine-tuning the 
physical properties. Morever, these simple yet robust connections are attractive 




Eto 2 c 



C0 2 Et 



20 
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because of their isoelectronic character relative to its carbon analogue, 16 which is 
known for its conductive properties. 




SCHEME 5: Selective one-pot azomethine formation 

7h e one-pot approach entails the snapping together of modules in the form of a 
novel thiophene diamine (1) with its complementary aldehydes (Scheme 5). This 

10 method requires no stringent reaction conditions. In contrast, conventional 
methods take upwards of seven steps, suffer from complicated reaction conditions 
and do not readily permit the formation of unsymmetric compounds. The one-pot 
approach not only allows for the formation of a product analogous to the product 
formed using the seven-step method, but it allows for the capability of forming 

15 unsymmetric compounds. Unsymmetric compounds are particularly useful 
because they allow for fine-tuning of the various properties of the products formed. 
This is what in turn allows for the myriad of possibilities in the application of these 
compounds for electronic industrial needs not easily achieved using conventional 
methods. 

20 

The diaminothiophene 1 was obtained in large quantities by a modified one-pot 
Gewald batch process. 17 Coupling of the complementary modules (a diamine with 
an aldehyde) leads to the compounds illustrated in Scheme 6 in standard organic 
solvents, without the need of anhydrous solvents, metal catalysts, or other delicate 
25 conditions. The required reaction protocols are extremely lenient and do not 
require oxygen-free environments or dehydrating reagents. They can also be run 
using a wide variety of temperatures including room temperature or moderate 
heating. The driving force behind the reaction is the generation of a 
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thermodynamically stable conjugated bond (azomethine). This is also responsible 
for shifting the equilibrium of an otherwise reversible reaction in favor of the 
products. In fact, the formed azomethine bond is sufficiently robust that no 
apparent decomposition occurs with heating in the presence of water and acid. 
5 The stability of the azomethine bond is further evidenced by its lack of reduction 
with common reducing reagents. 18 




6 7 

SCHEME 6 : Azomethines examined, their precursors and carbon analogues 

10 

Selective product formation of either the mono- (3) or di-adduct (4, 5) can be 
controlled by the number of aldehyde equivalents or through the choice of solvent. 
Because of the deactivating ester groups on 2 decreasing the amine 
nucleophilicity, mono-addition is favored even with conditions that would otherwise 

15 shift the equilibrium towards the products, leading to the dimer. Symmetric diimine 
formation is possible with two equivalents of the aldehyde 1 by using isopropanol 
directly from 2. Alternatively, unsymmetrical (4) can also be obtained one-pot using 
2 and either an excess or stoichiometric amount of aldehyde 1 with refluxing in 
ethanol. Substituting for isopropanol once 3 is formed and adding one equivalent 

20 of 2-thiophene carboxaldehyde affords the product (4) after further refluxing. 
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The extent of oligomerization can be followed through the formation of a visible 
color change. The change in absorption maximum (Figure 1) is indicative of the 
conjugation formation resulting from the azomethine bond. The color found in the 
visible region is dominated by the lowering of the excited electronic tt-tt* levels, 
5 owing to the stabilization of the oligomer conjugation, and responsible for the 
bathochromic shifts. The linear trend observed for the reciprocal of the number of 
atoms along the conjugated framework with the bathochromic absorption shift 
further supports the conjugated nature of the azomethine bond. Extrapolation of 
the observed trend leads to the potential absorption maxima for an alternating 

10 polymer of DP=°° comprising thiophene-bisthiophene repeating motifs, being 
approximately 550 nm (Inset Figure 1). The absorption spectra further provide 
information relating to the energy differences between the excited and ground 
states for the thiophene azomethines. The energy gap (AE) reported in Figure 3 
for the azomethines is lower than for its carbon analogues 6 and 7. This is a result 

15 of the energy levels undergoing a pronounced stabilization from the 
heteroconjugated bond and the electron withdrawing ester functions. The lower 
band gap and net stabilized levels for these thiophene oligomers implies the easy 
condensation method is a suitable means for obtaining conductive materials via 
facile conjugation formation relative to their carbon analogues that are obtained by 

20 conventional methods. This is further supported by the cyclic voltammetry data in 
Figurie 4. 

The crystal structure for 3 (Figure 2) shows a planar configuration with the 
heteroatom units orientating themselves in an anti-parallel arrangement. This 
25 ensures a linear configuration which is desired for higher order oligomers. The 
crystallographic data also shows the azomethine bond distances to be shorter than 
its carbon analogue 19,20 further expected to convey an ideal conductive behavior 
for these easily synthesized materials. 21 
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PART V : THIOPHENE-CONTAIN1NG CONJUGATED POLYMERS 

The following examples are to demonstrate molecular mass variation of the 
polymers as a function of their concentration and solvent. 

5 Polymerisation Reactions 




L-DAT 

poly-L-DAT 



a) Synthesis of poly-DAT 

In a 5 ml round bottom flask, thiophene-2,5-dicarbaldehyde (27.1 mg, 0.19 mmol, 
10 1 eq.), and 2,5-diamino-thiophene-3,4-dicarboxylic diethyl ester acid (50 mg, 0.19 
mmol, 1 eq.) were combined along with 2 drops of TFA previously diluted in 
isopropanol. The flask was heated at 105°C for 1 6h. A black powder was thereby 
obtained. Dissolution of this powder in DMF resulted in a red solution. 

Characteristics 

15 Reference: MB-109 
Black powder 

Absorbance: 500 nm (butanol) 
Fluorescence : 600 nm (butanol) 
Lifetime: 0.93 ns for % 2 = 0.998 
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Cyclic voltammetry (CV) 

MALDI-TOF : 14 000 g/mol, 85 000 g/mol 

Using the same protocol, 2,5-diamino-thiophene-3,4-dicarboxylic diethyl ester acid 
may be replaced with 2,5-diamino-thiophene-3,4-dicarboxylic didecyl ester acid. 

5 

b) Synthesis of poly-DAT 

A solution of thiophene-2,5-dicarbaldehyde (87.8 mg, 0.62 mmol, 1 eq.) and 2,5- 
diamino-thiophene-3,4-dicarboxylic diethyl ester acid (165.2 mg, 0.62 mmol, 1 eq.) 
in 12.5 ml isopropanol anhydrous is prepared. The solution is subjected to 
1 0 ultrasound for a few minutes to facilitate dissolution. Two drops of TFA, previously 
diluted in isopropanol are added to the solution. The solution is then heated at 
70°C for 48h. A red solution is obtained. 

Characteristics 

Absorbance: 480 nm (DMF) 
15 The molecular weights determined by GPC in DMF are 40 000 g/mol. 



Alternative reaction conditions for synthesis of poly-DAT are listed in Table 1 . 
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TABLE 1 : Alternative Reaction Conditions for Synthesis of Poly-DAT 





Solvent 


t (Yi\ 


T 

(°C) 


Concentra- 

V>/vl 1 Wrl III V* 

tion 
fma/mh 


Absorbance 
^max (nm) 


Poly-DAT 


Isopro- 
panol 


48 


70 


20 


489 


Polv-DAT 


Isooro- 
panol 


48 


70 


10 


482 


Poly-DAT 


Isopro- 
panol 


48 


70 


5 


475 


Poly-DAT 


Isopro 
panol 


48 


70 


2 


479 


Poly-DAT 


DMF 


24 


65 


20 


/1"7Q 
*rf O 


Poly-DAT 


DMF 


24 


65 


10 


476 


Poly-DAT 


DMF 


24 


65 


5 


474 


Poly-DAT 


DMF 


24 


65 


2 


474 


Poly-DAT 


butanol 


48 


70 


5 


480 


Poly-DAT 


butanol 


48 


90 


5 


550 



The kinetics of the reaction are shown in Figures 5 and 6. Figure 5 shows 
absorption (colour) increase resulting from the polymerization of thiophene-2,5- 
5 dicarbaldehyde (5 mg/ml) and diethyl 2,5-diaminothiophene-3,4-dicarboxylate (5 
mg/ml) in butanol with catalytic amount of TFA at 70 Q C The spectra were recorded 
at 1 hour intervals. 

Similarly, Figure 6 shows absorption (colour) increase resulting from the 
10 polymerization of thiophene-2 3 5-dicarbaldehyde (5 mg/ml) and diethyl 2,5- 
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diaminothiophene-3,4-dicarboxylate (5 mg/ml) in butanol with catalytic amount of 
TFA at 90 9 C The spectra were recorded at 1 hour intervals. 

Autopolymerisation 
Synthesis of monomers 

NC 

/S^OH ^ NC \ POCI 3> il N 

To a solution of 1 ,4-dithiane-2,5-diol (12.12 g, 78 mmol, 1 eq.) and of malononitrile 
(10.52 g, 157 mmol, 2 eq.) in 55 ml of DMF, DBU (10 ml, 78 mmol, 1 eq.) is added 
10 dropwise at 0°C. After a few minutes, the solution turned brown. Following the 
addition, the solution was stirred for 1 h at room temperature before being heated 
at 60°C for an additional 8h. 

The solution was hydrolysed with 120 ml acetic acid (0.4 M). The solution was 
then extracted with ether. The ether phase was dried on MgS0 4 , then 
15 concentrated. The resulting solid was purified by recrystallization in a mixture of 
ethyl acetate and hexane (70/30) (11 g, 89 mmol, yield 57 %), providing a very 
clear yellow powder. 

Anhydrous DMF (10 ml) was introduced into a previously flamed two-neck flask 
20 placed under nitrogen and cooled to 0°C. POCI 3 (3 ml, 32 mmol, 4 eq.) is. added 
dropwise. After 20 min, 2-amino-thiophene-3-carbonitrile (1.00 g, 8 mmol, 1 eq.) is 
added dropwise quickly. The reaction mixture is stirred at room temperature for 30 
min. 
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The solution was hydrolysed with 50g of ice. The solution was then extracted with 
ethyl. The organic phase was dried on MgS0 4 then concentrated. The resulting 
solid was purified by flash chromatography using the following eluent : ethyl 
acetate, hexane (40/60) (220 mg, 1.1 mmol, yield 14%). The final product was a 
5 clear yellow powder. 

Caracteristics 

2-amino-5-formyl-thiophene-3-carbonitrile (2) 

1 H-NMR (CDCI 3 , 400 MHz) : 9.62, 7.85, 7.65, 3.20 

1 0 2-amino-5-formyl-thiophene-3-carbonitr!le 

1 H-NMR (CDCI3, 400 MHz) : 9.62, 7.50, 5.50 

Alternative reactants and solvents yield different products, as shown in Table 2. 
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TABLE 2 : Alternative Reactants and Solvents for Synthesis of Thiophene 
Monomers 



Reactant A 


Reactant B 


Reactant C 


Solvent 


Product 


NC^CN 


.S^OH 
HcAs^ 


DBU 


DMF 


NC 

H 2 N^ s ^CHO 


NC^CN 


HO^S^ 


DBU 


N 

I 


NC 

H 2 N"^ s ^CHO 


O 


.S_OH 


DBU 


DMF 


Et0 2 C 

H 2 N^ s ^CHO 


NC -A>C 10 H 21 


HO^S^ 


DBU 


DMF 


C10H21O2Q 

H 2 N'^ s / ^CHO 


OMe O 


O 


Elemental 
sulfur, along 

with either DBU, 
diethylamine, 

triethylamine or 
Hunig's base 


DMF 


vC0 2 Et 

MeO 



The products are called 2-amino-5-formyI-3-X-thiophene. 



Deprotection 

5 To remove the DMF protected aldehyde, three approaches were used: 

1. 20 mg of compound to be deprotected were diluted in 1.5 ml water, 1 ml 
ethanol, a few drops of H3PO4, and a few drops of NaOH (30 %). The solution 
was heated for 2h at 80°C. The solution was then acidified with HCI (30 %) 
before being stirred for 16h. A red precipitate appeared. The precipitate was 
10 filtered. 
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2. 20 mg of compound to be deprotected were diluted in 5 ml formic acid diluted 
to 50 % in volume, to which 2 drops of concentrated HCI were added. The 
solution was heated at 1 10°C for 30 min. The initially yellow solution turned 
a clear brown and then pink. An LC-MS analysis confirms that 2-amino-5- 

5 formyl-thiophene-3-carbonitrile was the main product. 

3. 20 mg of compound to be deprotected were diluted in 5 ml formic acid diluted 
to 50 % in volume. The solution was heated to 1 10°C. After five minutes, the 
solution was pink. Heating and solid evaporation resulted in a dark red 
product that is indicative of the occurrence of polymerization. 

10 

Polymerisation 

During deprotection, it was observed that when the solution was heated longer, it 
turned orange, then red and even violet. In this way, during the deprotection of 2- 
amino-thiophene-3-carbonitrile, a violet precipitate was produced with a mass of 
1 5 2780 g/mol as confirmed by MALDI-TOF. 

Producing a thin film 

A thin film was produced on a glass support by spin-coating trimer (Example 8) 
which was previously dissolved in dichloromethane. 

20 

TABLE 3 : Photophysical properties of doped conjugated materials 



Absorbance 


Fluorescence 


X = 322 nm 


X = 560 nm 


X = 466 nm 


X = 600 nm 
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Doping 

A degassed solution of anhydrous acetonitrile anhydride containing trimer 
(Example 8), was prepared in a manner to avoid an absorbance near 0.5. A 
diluted solution of H 2 S0 4 (1 drop in 10 ml acetonitrile) was prepared. 
5 In two separate cuvettes, the following were added: 

• 1 drop of diluted H 2 S0 4 solution; and 

• 1 drop of concentrated H2SO4. 

In the second cuvette, a change of colour from yellow to orange-red appeared 
immediatel in the IR region. A bathochromic shift (440 nm — > 500 nm) was 
1 0 observed for the concentrated solution. A decomposition of the product was noted 
in the case of the diluted solution. Doping may also be performed with FeCI 3 , 
AICI3, GaCI 3 , trifluoroacetic acid, HCI, other organic acids, and gaseous iodine. 
The photophysical properties of a sample doped conjugated material are indicated 
in Table 3. 

15 

PART VI : SIMPLE ROOM TEMPERATURE SYNTHESIS OF CONJUGATED 
LIVNIG POLYMERS CAPABLE OF REVERSIBLE POLYMERIZATION / 
DEPOLYMERIZATION (INCLUDING EXAMPLES 35-36) 

20 The term "living", applied to polymers, implies the polymerization can be resumed 
after the initial reaction has been stopped. Subsequently, higher molecular 
weights can be achieved either by linking the same monomers or different 
monomers. The polyazomethines described in this invention are living because 
they have two terminal groups (amine and aldehyde) that can undergo further 

25 condensation with their complementary units. We show the living character of 
polyazomethines by first forming the polymers through biphasic polymerization at 
room temperature under alkaline conditions. These reactions are done at different 
concentrations to show that polymer molecular weight is proportional to the 
reaction concentration, hence living. Once the polymers are formed, lyophilization 

30 (increasing concentration by removing water) results in higher molecular because 
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the polymers condense with themselves via the active terminal groups, illustrating 
the living character. This is schematically represented in step B Scheme 7. 



5 

SCHEME 7 : Schematic representation of the polymerization by 
condensation (step A) followed by further condensation with concentration 
increase (step B) 

10 The living character of the reactive terminal groups can be demonstrated by 
selectively condensing a blocking group at one end. In the case of the 
polyazomethines, either a mono-amine compound can be condensed with the 
terminal aldehyde, or a mono-aldehyde can be condensed with the terminal amine, 
which leads to an azomethine capping agent (see Scheme 8). The uncapped 

15 terminal end can subsequently be reacted leading to continued polymerization. 
The polymer "glue" consisting of either a diamine or dialdehyde can be added to 
connect the polymers resulting in increased molecular weight. 

I !■ + c I !■ !■ C 




I l—l ■ C 



20 SCHEME 8 : Schematic representation of selective end group capping by 
azomethine formation leaving the other terminal end free to further react 

The living character of the polyazomethines is further illustrated by a change in pH. 
The highly conjugated polyazomethines are depolymerized to their constitutional 
25 monomers when the pH is less than 7. Increasing the pH to greater than 7, 




WO 2005/073265 



PCT/CA2005/000131 



42 

promotes the polymerized back to the polyazomethines. The 
depolymerization/polymerization cycles can be continued indefinitely, providing the 
monomers remain in solution. 

5 Biphasic polymerization 




A 50 ml stock solution of 4,4'-diaminostilbene-2,2 , -disulfonic acid (3.9 mM) was 
10 prepared in phosphate buffer solution at pH 8. Another stock solution of 2,5- 
thiophene dicarboxaldehyde was prepared in dichloromethane. Roughly equally 
volumes of the two monomers were combined in flask and stirred at room 
temperature for 8 hours at pH 8 after the addition of a catalytic amount of 
benzyltriethyl ammonium chloride. The resulting conjugated polymers are found in 
15 the aqueous layer as noted by the intense deep red colour and strong 
absorbances between 445 to 550 nm. The resulting polymer molecular weights 
were measured by GPC. Polymer formation is also confirmed by NMR in D 2 0 
through the characteristic azomethine (N=CH) bond that resonates at 8.5 ppm. 
The reaction conditions must be at pH greater than 7. pH values less to 7 do not 
20 promote polymerization. 

Biphasic Polymerization Leading to Aqueous Soluble Conjugated 
Thiophene-Based Polymers 

25 The following describes simple means of synthesizing conjugated aromatic 
azomethines at room temperature which exhibit interesting photophysical and 
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electrochemical properties. The simple means of polymer synthesis entails the 
condensation of aryl diamines and dialdehydes, as shown in Scheme 9, below, at 
room temperature under biphasic conditions in the presence of a phase transfer 
catalyst. This self-assembly approach has the advantage of relative ease with 
5 which the polymers are formed. The formation of the Schiff base is isoelectronic to 
its carbon analogue, 22 " 24 which is known for its conductive properties. As a result, 
the self-assembled polyimines are expected to possess similar conducting 
properties relative to their carbon analogues with the advantage of easier synthetic 
formation. 




Scheme 9 : Schematic representation of conjugated polymers involving 
azomethine formation 
15 Experimental 

Instrumentation. Gel permeation chromatography (GPC) was used to determine 
molecular weights and molecular weight distributions, M w /M nj of polymer samples 
with respect to polystyrene standards (Polysciences Corporation). The system 

20 configuration consisted of a Waters GPC system using Waters ultrastyragel 
column. 1 H-NMR spectra of the polymers were obtained on a Bruker 300 
spectrometer using 5 mm o.d. tubes in [D]DMSO. Absorption measurements were 
done on a Cary-500i UV-Visible spectrometer by Varian while emission studies 
were done using a Varian Cary Eclipse fluorimeter after degassing the sample 

25 thoroughly with argon for 20 minutes. Cyclic voltammetry measurements were 
performed with a standard system from Bioanalytic Systems Inc. in anhydrous 
deareated DFM (99.8% Aldrich) at 0.1 M concentrations with NBu 4 -PF 6 . The 
electrodes consisted of two platinum electrodes as working and auxiliary 
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electrodes, silver wire as pseudo reference and ferrocene as internal reference 
and the scan rate used as 500 mV/s. 



5 




(1) poly(4,4'-diiminostilbene-2,2'-disulfonic acid thiophene) 

(2) poly(4,4'-diiminostilbene-2,2'-disulfonic acid terephthalate) 

t 

I 

10 

EXAMPLE 35 : Synthesis of poly(4,4'-diiminostilbene-2,2'-disuIfonic acid 
thiophene) (1). Distilled water (60 ml) and a few drops of 2M sodium hydroxide 
was required to dissolve 4,4'-diaminostilbene-2,2'-disulfonic acid (155 mg, 0.41 
mmol). After the addition of 40 ml THF, 2,5-thiophene dicarboxaldehyde (58 mg, 

15 0.42 mmol) was added along with a catalytic amount of benzyltriethyl ammonium 
chloride. The red coloured solution was stirred at room temperature for two days 
and the solvent removed under reduced pressure to afford the polymer as a red 
solid that was recrystalized from ethanol. A max (water): 305 and 338 nm. M w = 148 
094, PDI = 2.3, DP = =286. 1 H-NMR (200 MHz, [D] DMSO): 5 = 8.92 (br, s, 2 H), 

20 8.21 (br, s, 2 H), 7.80 (br, s, 6 H), 7.39 (br, s, 2 H). Anal. cald. 
C 2 oHi206N 2 S 3 Na 2 -7.2 H 2 0: C 37.06, H 4.11, N 4.32, S 14.84 found C 37.27, H 
3.90, N4.28, S 14.62. 

EXAMPLE 36 : Synthesis of poIy(4,4'-diiminostilbene-2,2'-disulfonic acid 
25 terephthalate) (2). 4,4'-Diaminostilbene-2,2'-disulfonic acid (160 mg, 0.45 mmol) 
was added to a round bottom flask along with 30 ml water to give a suspension. A 
few of drops of 2M sodium hydroxide were added to render the reaction medium 
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alkaline and to solubilize the reagent. Approximately 15 ml of THF was then 
added followed by the addition of the terephthalic dicarboxaldehyde (61 mg, 0.45 
mmol) dissolved in 3 ml THF. The colour immediately became yellow and the 
reaction was allowed to stir at room temperature for 30 minutes before a catalytic 

5 amount of benzyltriethyl ammonium chloride was added. The reaction mixture 
was stirred at room temperature for two days then the solvent removed under 
reduced pressure to give the polymer as a yellow solid which was recrystalized 
from ethanol. A max (water): 262 and 339 nm. M w = 41 888, PDI = 1.9, DP = 82, 
MW = 10 000. 1 H-NMR (200 MHz, [D] DMSO): 5 = 8.80 (br, s, 2 H), 8.15 (br, s, 4 

10 H), 7.80 (br, s, 4 H), 7.39 (br, s, 4 H). Anal. cald. C^HuCV^Na^l 1 H 2 0: C 
37.18, H 5.11, N 3.94, S 9.02 found C 36.93, H 4.81, N 3.95, S 8.93. 

Results 

15 The synthetic approach involving the simple condensation of aryl diamines and 
dialdehydes leading to azomethines (imine or Schiff bases) by dehydration 
conditions yields the desired polymers in high yields with ease of isolation. Their 
structures have been confirmed by NMR, MS and UV-vis and fluorescence 
spectroscopies, and their electrochemical properties have been characterized by 

20 cyclic voltammety. The polymers synthesized (1 and 2) represented above were 
readily characterized by conventional methods using NMR in deuterated DMSO or 
D 2 0 by following the formation of the N=CH imine bond that resonates at ca. 8.5 
ppm for both polymers. This method also allows the monitoring of the reaction 
progress since resonances of the terminal aldehyde group and the reagent are 

25 clearly separated in the NMR spectrum. Integration of the terminal aldehyde with 
respect to the imine protons leads to a rough representation of the polymers' M n . 
More accurate molecular weight determination can easily be performed with 
conventional polymer characterization techniques while UV-visible spectroscopy 
yields qualitative results of the polymerization degree through the bathochromic 

30 absorption shifts association with increased conjugation. 
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Polymerization of water soluble conjugated polyimines 1 and 2 

The extent of polymerization was followed through the formation of a colour 
change from yellow to red for 1 and coloured to deep yellow/orange for 2. The 
change in absorption maxima is indicative of the increase in degree of 
5 polymerization concurrent with an increase in the conjugation degree. The colour 
found in the visible range dominates the lowering of the excited electronic Tr-rr* 
levels owing to the stabilization of the conjugation of the polymer. The large 
bathochromic shift observed for 1 relative to 2 denotes a higher degree of 
conjugation, hence a higher degree of polymerization. This is evident from the 

10 molecular weight determinations by GPC. The absorption and emission spectra 
further provide information relating to the difference in excited and ground states of 
the polymers. The intercept of the absorption and fluorescence spectra of the 
polymers gives information relating to their relative energy differences of the 
ground and excited states. From the spectra shown in Figures 7 and 8, the 1 S 0>0 - 

15 °S 0> o (HOMO-LUMO) transition was calculated to be 65 kcal/mol (2.83 eV) for 1 
and 74 kcal/mol (3.2 eV) for 2. From the absorption onset in the red region of the 
spectrum, a value can be calculated for the band gap of 51 .3 kcal/mol (2.23 eV) for 
1 and 69.9 kcal/mol (3.03 eV) for 2, respectively. The relatively low band gap for 1 
is consistent with polythiophenes obtained by conventional polymerization 

20 methods. 

The absorption spectra of the polyazomethines show a hypochromic shift for 1 
concomitant with a broadening of the peak at 475 nm ascribed to a decrease in the 
molar absorption while the harmonic oscillatory remains the same. This behaviour 
25 is typical for highly conjugated materials. 

Cyclic voltammetric measurements of the conjugated polymers were done in DMF 
owing to the difficulty in measuring the reduction potential and reversible redox 
30 properties of the polymers in water. The results obtained, as shown in Figure 9, 
are consistent with other polyazomethines studies. 25 Polymers 1 and 2 exhibit 
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three distinct oxidation potentials. Conversely, the polyazomethines display only 
two reduction potentials implying both polymers undergo two reversible and one 
irreversible process. The two primary processes are understood to be the 
reversible oxidation-reduction leading to the radical cation followed by the cation 
5 formation upon further oxidation. Due to the inhomogeneity of the polymers 
studied, the onset of the reduction and oxidation potentials cannot be easily 
determined from the voltamograms and the band gaps cannot be accurately 
determined by this method. 

10 The advantage of the self-assembly approach is the relative ease with which the 
polymers are formed. Water is the only by-product and thereby requires no further 
purification. The biphasic method ensures the correct stoichiometry for the 
reaction leading to high molecular polymers. It also simplifies purification with the 
undesired aldehyde reagent being left in the organic layer upon polymer 

15 precipitation. The terminal groups remain active even after polymerization is 
complete. Consequently, polymerization can be resumed with different monomers, 
leading to co-block polymerization, which in turn generates materials with varying 
band gaps. The self-assembly approach can effectively be used to control 
molecular weight by varying the reaction concentrations generating polymers with 

20 "living" type qualities. This is impossible with traditional condensation of 
conducting materials. 26 The formation of the conjugated network is a 
thermodynamic driving force that renders the Schiff base resistant to acid 
catalyzed hydrolysis 26 and capable of reversible reduction/oxidation. 27 Linearity 
and planarity of the imines ensures suppression of macrocycles, hence high 

25 molecular weight polymers required for electronic applications can be 
obtained. 28 * 29 

The above demonstrates that conjugated polymers leading to conducting materials 
can easily be synthesized by simple and efficient condensation methods requiring 
30 little to no post polymerization purification. The thermodynamically desirable 



WO 2005/073265 



PCT/CA2005/000131 



48 



conjugation drives the formation of the otherwise reversible Schiff base leading to 
new stable materials exhibiting interesting photophysical and conducting 
properties. This method can easily be implemented with organic soluble 
monomers leading to simple alternatives for new conducting materials. 



SCHEME 10 : Aqueous polymerization of the conjugated polymers through 
pH control demonstrating reversible characters of the polymers 



H 2 N 




NHo 



2,5-diaminobenzenesulfonic acid 2,4-diaminobenzenesulfonic acid 
1 2 




S0 3 H 

4,4 , -Diamino-2,2 , -stilbenedisulfonic acid 
3 



OHC 



CHO 



thiophene-2,5-dicarbaldehyde 
4 



CHO 




OHC" 
isophthalaidehyde 
5 



„CHO 

j j 

OHC^ 
terephthal aldehyde 
6 



10 Biphasic polymerization is conducted using an organic solvent that is not miscible 
with water including halogenated organic solvents, ethylacetate, THF, DMSO, 
DMF, dioxane, acetonitrile, alkanes, and is usually dichloromethane. The 
hydrophobic compound usually the aldehydes 4-6 (Scheme 10) are dissolved in 
the organic layer. The sulfonic acids, usually 1-3 (Scheme 10), are rendered 

15 soluble in water with the use of an inorganic base such as sodium hydroxide, 
phosphonate bases, or organic bases. The polymerization occurs at room 
temperature at pH values greater than 7. Rigorous mixing and the addition of a 
phase transfer catalyst, typically benzyl triethyl ammonium chloride or other 
quartenary ammonium salts induce the polymerization. Typical reaction times 

20 range from 30 minutes to 24 hours. 
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The molecular weight of the polymer is proportional to the concentration of the 
sulfonic acid in the aqueous phase, ranging from 300 to 3 million. Polymers 
resulting from the addition of 6 with the diamines are yellow to orange in colour, 
while 5 gives light yellow polymers. The bathochromic shift in the colour is 
5 proportional the degree of polymerization and hence the polymer conjugation. 
High degrees of conjugations are obtained from the aldehyde 4 with diamines 1 or 
3 that give deep red polymers that eventually precipitate from solution and are 
solution in DMF, DMAC, and DMSO. 

10 The conjugated polymers can be doped with concentrated sulfuric acid, 
hydrochloric gas, trifluoroacetic acid, iodine, AICI 3 , FeCI 3 , GaCI 3 , etc. which induce 
a strong bathochromic shift resulting in a blue colour. 

The conjugated polymers can be depolymerized back into their monomers units by 
15 adjusting the pH to less than 7 which induces the colour disappearance. The 
sample then can be repolymerized back to the conjugated polymer by adjusting 
the pH to greater than 7. The process of depolymerization/repolymerization can 
be cycled indefinitely until the monomers are separated into their restive 
organic/aqueous phases. 

20 

Biphasic conditions for the polymerization of of 4,4'-diaminostilbene-2,2'-disulfonic 
acid are shown in Table 4. 

TABLE 4 : Biphasic conditions for the polymerization of 4,4'-diaminostilbene- 
25 2,2'-disulfonic acid with 2,5-thiophene dicarboxaldehyde and the resulting 
polymer molecular weight 
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Sample 


Monomer 
Concentration 

(mol L" 1 ) 


Mw (g/mol) 


Degree of 
polymerization 


1A 


0.25 


nnn 




2A 


U.I Zo 


4.c nnn - ?pn 
000 





O A 

oA 




SO 000 - 300 
000 




A A 

4A 


U.U I 


2 1 45 780 


4 317 


1C 


0.05 






2C 


0.0375 




_ 


3C 


0.0125 






4C 


0.005 


924 222 


1 859 


11 


0.056 






21 (diluted 
from 11) 


0.0056 


58 1 1 530 


1 1693 


31 (diluted 
from 21) 


0.00056 






41 (diluted 
from 31) 


0.000056 






51 (diluted 
from 41) 


0.0000056 






1Z 


0.028 


3 819 1234 


76 843 


2Z. (diluted 
from IZ) 


0.014 


1 7 896 440 


36 009 


3Z (diluted 
from 2Z) 


0.0028 


1 519 049 


3056 


4Z (diluted 
from 2Z) 


0.0022 


618 067 


1 243 


5Z (diluted 
from 4Z) 


0.0011 


510 595 


1 027 


6Z (diluted 
from 3Z) 


0.00014 


176 270 


355 



The effect of polymerization concentration on the molecular weight of the polymer 
is shown in Figure 10. 
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Living Polymerization 

Sample 4C represents the initial sample polymerized by the standard biphasic 
conditions. While still in solution, a fraction of this solution was removed and 
5 lyophilized to dryness to afford sample 4CI. This sample undergoes a molecular 
weight increase from the reactive terminal groups that react with themselves 
according to Scheme 7. To the parent solution of 4C, was added one equivalent 
amount of 2,5-thiophene dicarboxaldehyde in dichlormethane followed by a 
catalytic amount of benzyltri ethyl ammonium chloride. The reaction was allowed to 

10 stir at room temperature overnight. The dialdehyde unit serves as "polymer glue" 
to bond the complementary polymers together resulting in an increase in molecular 
weight for 4D, reported in Table 5. From a small aliquot of the parent sample 4C, 
was added one equivalent of 2,5-thiophene dicarboxaldehyde solubilized in a 
small amount of DMF and the reaction is allowed to proceed overnight resulting in 

15 4E. 

TABLE 5 : Polymer molecular weights measured for biphasic polymerization 
illustrating the living characteristic of the polyazomethines 









Sample 


(g/mol) 


DP 


4C 


924 222 


1 859 


4D 


1 227 422 


2 469 


4E 


2 036 266 


4 097 


4CI 


1 132 256 

/ 


2 278 



20 End-group capping 

Measured polymer molecular weights of polymers containing an acetaldehyde 
capping agent are shown in Table 6. A slight excess of acetaldehyde was added 
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to samples 4A while one equivalent of 2-thiophene aldehyde was added 4B. The 
aldehyde units serve as selective terminal amine capping agent. The aqueous 
solutions at pH 8 were allowed to stir at room temperature for 12 hours. They 
were then subjected to lyophilization to remove the residual acetaldehyde and the 
5 solvent. Sample 4B1, corresponding to the thiophene capped polymer 4B, shows 
no real increase in molecular weight. This implies the terminal thiophene unit 
efficient caps the amino terminal group which cannot react any further. Contrarily, 
the acetaldehyde group is a poor capping agent that does not prevent the terminal 
amine group from further polymerization as observed by the increased molecular 
- 1 0 weight with 4A1 . 



TABLE 6 : Measured polymer molecular weights of polymers containing the 
acetaldehyde capping agent 









Sample 


(g/mol) 


DP 


4A 


2 145 780 


4 317 


4A1 


3 025 188 


6 086 


4B 


383 703 


772 


4B1 


400 143 


805 



15 Reversible Polymerization 

To the solution of freshly prepared polyazomethine containing both the aqueous 
and organic layers described above, the pH is adjusted to less than pH 7 with 
concentrated sulfuric acid. The addition of acid first results in azomethine 
20 protonation visible by the intense blue colour at ca. 825 nm. After 10 minutes, 
depolymerization to the constitutional monomers occurs as observed by the 
disappearance of all colour. The addition of sodium bicarbonate neutralizes the 
acid and increases the pH above 7. Within 15 minutes of vigorous stirring, the 
original intense red colour of the polyazomethine appears. The molecular weights 
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of the resulting reformed polymers are consistent with the original polymers. The 
polymerization/depolymerization cycles can be repeated many times. 

PART VII : ELECTRICAL CONDUCTIVITY, POLYMER DOPING AND 
5 INDUSTRIAL APPLICATIONS (EXAMPLES 37-40) 

EXAMPLE 37 : Preparation of pellets 

Pellets for electrical conductivity testing were prepared by adding a measured 
amount of the polymer powder to a Beckman IR pellet press. The pellets were 1 .3 
10 cm in diameter with a thickness determined by the amount of material pressed and 
the pressure used. 

Reliable conductivity data was obtained by drying the material thoroughly in 
vacuum at 25° to 100° C at 0.2 mm Hg for several hours after preparation of the 
15 pellets. The anhydrous pellets normally were removed and stored under nitrogen 
until testing. • 

EXAMPLE 38 : Preparation of p-type doped pellets 

Iodine doping was done through the addition of iodine crystal to a chamber 
20 containing a pellet of polymer. The chamber then was evacuated causing 
immediate sublimation of iodine. Gaseous iodine remained in contact with a pellet 
for a period from about 1.5 to about 17 hours, whereupon the doped pellet was 
removed and stored under nitrogen until being tested. 

25 EXAMPLE 39 : Preparation of n-doped pellets 

Doping of a polymer with sodium naphthalide may be accomplished by contacting 
the polymer powder with a slurry of sodium naphthalide in dry tetrahydrofuran. 
After the mixture is stirred under nitrogen for 24 hours, excess sodium naphthalide 
and solvent may be removed. The remaining solvent may be evaporated in a 
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stream of nitrogen and the doped polymer may be dried as described above but at 
room temperature. 

EXAMPLE 40 : Applications 

5 

The inherently conductive conjugated materials described herein can be used for 
the following devices/applications: 

-Organic light emitting diodes (OLEDs) 
1 0 -Polymer light emitting diodes (PLEDs) 
-Conducting wires 
-Thin films 
-Active Matrices 

15 Such emitting devices can in turn be used for flexible and/or low power consuming 
displays including; microdisplays, laptop computers, televisions, computer 
monitors, car stereos, cellular telephones, store displays, large sign displays, 
electronic newspapers, active matrices, optical devices, etc. The light emitting 
properties can also be exploited for sensors including biosensors and detectors. 

20 They can be used as replacements for inorganic based display materials and liquid 
crystal devices. Additionally, the conjugated materials can find applications in fuel 
cells and their compartment separators, battery storage devices, photovoltaics, 
solar cells, etc. 

25 In summary, the present invention provides the first example of an easy modular 
route for conjugated oligothiophene analogues in a selective fashion consisting of 
up to five thiophene units. The snapped together bonds are suitable for conducting 
materials and do not require any stringent reaction conditions, unlike conventional 
methods. The thermodynamically favorable conjugation displaces the equilibrium 

30 of the otherwise reversible Schiff base in favor of new stable materials, leading to 
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robust covalent connections similar to their carbon analogues. Through selective 
unsymmetric and symmetric conjugated motifs, band-gap tuning among other 
properties is possible in a one-pot synthesis. 

5 Although the present invention has been described by way of particular 
embodiments and examples thereof, it should be noted that it will be apparent to 
persons skilled in the art that modifications may be applied to the present 
particular embodiment without departing from the scope of the present invention. 
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